H, halothane. S, suxamethonium. P, procaine * normal range 0-60 mu/ml * neurological signs ofcerebral diplegia A patient refused biopsy dence of myopathy histologically. Thus a perfect correlation was obtained between the neuropathological and the neuropharmacological results. Procaine prevented contracture in Cases 2, 3 and 5. It also abolished established contracture. Caffeine increased the force and the rate of development of contracture in susceptible muscle.
Discussion
The neuropathological and neuropharmacological evidence presented suggests that malignant hyperpyrexia may be a manifestation of more than one condition. The histological appearances showed great variation between families. The pharmacological studies revealed that one patient required the halothane-suxamethonium combination to cause contracture while in 4 patients halothane alone sufficed. It is of interest that suxamethonium by itself did not induce contracture in vitro.
The enhancement of caffeine contracture by halothane, which occurs in normal muscle, appears to be of the same order in survivors of malignant hyperpyrexia . This makes interpretation more difficult than the allor-none response we obtained. The finding that procaine modified contracture complements the evidence of its protective effect in susceptible pigs (Harrison 1971) , and is relevant to treatment in the clinical situation where Kalow et al. (1970) have reported successful use of procainamide. Procaine may be acting on damaged sarcoplasmic reticulum but Woolf (personal communication) has shown in pigs that muscle temperature rises before contracture develops. This suggests that a mitochondrial defect may be responsible for the syndrome, which in combination with a raised intracellular Ca++ concentration may lead to 'thermal runaway' in the presence of triggering agents.
We have been unable to induce muscle contracture in vitro with halothane in the classical clinical myopathies. Nor has malignant hyperpyrexia developed in 70 myopathic patients with raised SCPK levels anmsthetized by one of us (F R E) with halothane for muscle biopsy.
The development of muscle contracture in vitro represents a specific abnormal response to certain anesthetic drugs. The correlation between the histological and pharmacological abnormalities encourages us to believe that positive identification of the patient susceptible to malignant hyperpyrexia is possible. Acknowledgments: N P K is a MRC Research Assistant; D G F H is in receipt of grants from the Muscular Dystrophy Group of Great Britain and also from the MRC; F R E has received financial support from ICI This report concerns studies of two families with malignant hyperpyrexia and of Landrace pigs susceptible to this syndrome (Hall et al. 1966) . Biochemical studies on the muscle biopsies are described by Dr Pennington & Dr Worsfold (p 69).
The propositus in the first family developed rigidity, a fever of greater than 109°F (43°C), and died at the end of a one hour operation for acute appendicitis. Anesthesia was with thiopentone, suxamethonium, nitrous oxide, oxygen and halothane. The father, two paternal uncles and one paternal cousin had raised serum creatine kinase activities up to 178 iu (normal <60 iu). Examination showed no muscular or skeletal abnormality though the electromyogram of the father was myopathic. A biopsy was obtained from the latter's quadriceps muscle. In this family the proportion of relatives with a high creatine kinase was less than expected for a simple autosomal dominant gene (Britt et al. 1969 ), suggesting either incomplete penetrance or that some members are at risk from a general anaesthetic though they have a normal creatine kinase activity.
In the second family, two untoward reactions to general anresthesia had occurred, one fatal. A boy of 41 years had an operation for squint under the following anesthesia: pentobarbitone and atropine; cyclopropane and oxygen; suxamethonium; nitrous oxide, oxygen and halothane. There was slight rigidity and skin mottling but no fever. Recovery was uneventful but postoperatively dark urine was passed. The propositus, his father and several relatives had raised serum creatine kinase activities of up to 1475 iu. Two other cousins had died under aneesthesia. The father's electromyogram (by Dr R G Willison, National Hospital, Queen Square, London) was normal. A paternal uncle with a high creatine kinase activity had no muscular or skeletal abnormality, but the electromyogram of proximal muscles was myopathic. A biopsy was obtained from the quadriceps muscles.
Light microscopy of both muscles showed minimal myopathic changes, but histochemistry and electron microscopy were normal. Muscle from the second family developed contracture in vitro with halothane, but that from the first did not. Caffeine induced contracture at a threshold concentration of 2-16 mmol/l in normal muscle and myopathies, and 16 mmol/l in susceptible individuals. Halothane sensitized the muscle to caffeine by 0-5 orders of dilution in normal muscle and myopathies, and by one order of dilution in the family which did not develop contracture in vitro.
Muscle was obtained from reactor Landrace pigs under cyclopropane anesthesia which does not induce a reaction (Harrison et al. 1969 ) and compared with that from normal animals. There was no light microscopic, histochemical or ultrastructural abnormality other than occasional spheromembranous bodies, perhaps arising from T-tubules, seen in the reactors. Halothane induced dilatation of the mitochondria and sarcoplasmic reticulum in both normal and reactor animals.
The resting membrane potential of normal pig intercostal muscle fibres suspended in Krebs' Ringer solution, oxygenated with 95% oxygen and 5% C02, was 72.7±1.03 mV, and this was not significantly altered by the addition of 4% halothane in the gas mixture. The resting membrane potential in two reactor pigs was 72.6± 0.45 mV and 67.1 4±0.70 mV. The addition of 2 % halothane to the gas mixture had no significant effect upon the resting membrane potential.
The reactor pig muscle did not develop contracture when exposed to halothane in vitro. The threshold concentration for caffeine contracture in normal animals was 8-32 mmol/l and 4-8 mmol/l in reactor pigs. Two per cent halothane lowered the threshold for caffeine contracture to a similar extent in control and reactor animals.
A high incidence of overt musculoskeletal abnormalities (Britt et al. 1969 , Steers et al. 1970 and of subclinical myopathies (Isaacs & Barlow 1970 , Denborough et al. 1970 have been reported in relatives of patients with malignant hyperpyrexia. King et al. (1972) Kalow et al. (1970) separated the rigid from the nonrigid form, suggesting the former was due to impairment of sarcoplasmic reticulum calcium binding due to halothane.
Our studies support the presence of several different conditions in this syndrome. In the human cases, the muscle appears the most likely site of the biochemical abnormality, though in the pig a presynaptic trigger cannot be excluded.
